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b. natural history. 151 

Notes on the North American Ganoids, Amia, Lepidosteus, 

ACIPENSER AND POLYODON. By BURT G. WiLDER, Of ItliaCa, 

N. Y. 

(With three plates.) 

I. — The respiratory actions of Amia and Lepidosteus. 

The respiratory actions of Lepidosteus have been described by 
Prof. L. Agassiz and by Prof. Poey. The observations of the 
latter (27)^ are reproduced by Dumeril (4, II, 306). 

Prof. Agassiz' remarks are reported as follows : 

*" This fish is also remarkable for the large quantity of air which 
escapes from its mouth. The source of this Prof. Agassiz had 
not been able to determine. At certain times it approaches the 
surface of the water and seems to take in air, but he could not 
think that so large a quantity as is seen adhering in the form of 
bubbles to the sides of the gills, could have been swallowed, nor 
could he suppose that it could be secreted from the gills them- 
selves" (2). 

During the past summer the ten young Le0fiosteus mentioned 
in another part of this paper, were observed by me for about 
three weeks. They seemed to prefer keeping near the surface, 
probably for convenience of aerial respiration. In emitting the 
bubble of air they raised the anterior end of the body a little, but 
I could not be sure that they intentionally protruded the head 
from the water. At the same moment the whole body was 
suddenly rolled on one side, and one or more bubbles of air es- 
caped from the mouth. Within a second or two after assuming 
the horizontal position, other and smaller bubbles escaped from 
the opercular orifice. 

With the smallest gar (63™™-, about 2^ in. long), these respiratory 
movements occurred pretty regularly at intervals of ^ to f of a 
minute. It rolled almost invariably upon the right side so as to 
emit the bubbles from the left. The ordinary branchial respiratory 
movements of the jaws and opercula were 95 per minute. 

Very often these young individuals of L, osseus, and more fre- 
quently the adults of the smaller species {L, platystomus)^ would 
protrude the snouts from the water in the respiratory act ; but the 

1 See list of works referred to, at the end of this paper. The first figure design 
nates the number of the work on the list; the last, the page; the middle, when it occurs, 
the volume. 




Jt's 



;■.! 



■■"i 



y 
V 



'J 

! 



,t 



Vi 












152 B. NATURAL HISTORY. 

length of the jaws made it impossible to determine whether this 
was intentional and for the purpose of inhaling as well as of ex- 
haling the air. 

Inasmuch, however, as the exhalation could be as well accomp- 
"^1 lished at any depth, the uniform approach of the gars to the 

surface goes to show that air is taken in as well as given out. 

More satisfactory observations upon this point were made upon 
adult and uninjured individuals of the mud-fish, Amia^ which, like 
Lepidosteus has a very cellular and vascular air-bladder with large 
air-duct, and upon the respiratory actions of which nothing has 
been published so far as I am aware. 

Amia seems to prefer the darker parts of the aquarium and to 
remain at or near the bottom, but like Lepidosteus it comes to the 
surface at intervals to breathe. One or two very large babbles of 
air escape from the mouth, and on descending, some lesser ones 
from the operculum. 

When at the surface the movement of the jaws seemed to be 
two-fold, first to permit the escape of air, and second to take in a 
fresh supply. But the whole was so rapidly executed that I could 
not be certain. # 

^ The following method was adopted for determining this point. 

i The fish was gradually accustomed to the contact of the hand, 

i gently embracing the body at about the middle. After a time it 

would swim slowly in the tank with no apparent agitation on ac- 
count of the contact, and come to the surface at the usual intervals 
to discharge a bubble of air. 

Having been thus prepared, the fish was permitted to move to 
and fro at about six inches below the surface, but. prevented 
from rising. It became uneasy and after a few not ver}^ violent 
efibrts to disengage itself, emitted a large bubble of air which rose 
to the surface. 

If this emission were all it required we may suppose that it 
would have been content. On the contrary, after a second or two 
of quiet (perhaps resulting from the habit of being satisfied after 
the respiratory action), the fish became more and more uneasy; 
moved rapidly to and fro, turned and twisted, and lashed with its 
tail, and finally escaped from the hand. It rose at once to the 
surface, and, without emitting any bubble whatever^ opened the jaws 
widely and apparently gulped in a large quantity of air. It then 
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descended and remained quiet for the usual interval. This exper- 
iment was several times repeated, always with the same result. 

There seems no doubt from the above, that with Amia there is a 
true inspiration as well as expiration of air. The same may be 
considered probable though not yet proved, with Lepidosteua. 
The escaping air should be chemically examined. But there' can 
be little doubt that in these two genera, in Polypterus^ and in the 
Dipnoans, all having cellular and vascular air-bladders, there is 
effected an interchange of oxygen and carbonic acid, as in the 
lungs of aerial Vertebrates. , 

Amia and Lepidosteus have no spiracle and it is small in Polyp- 
terns. The three genera have the space between the rami of the 
lower jaw occupied (by plates or folds of skin with underlying 
muscle) so as to better prevent the egress of air than would be the 
case with most Teleosts. But, as already stated, some air escapes 
from the opercular or!||pe of Amia and Lepidosteus after the fish 
has descended, and while, probably, the air is being forced back- 
ward so as to enter the air-duct. 

Amia and Lepidosteus were observed to perform* the acts of 
respiration above described more frequently when the water was 
foul or had not been changed. 

It was noticeable that they survived removal from the water for 
a much longer time thai) Acipenser or Polyodon^ whose air-bladders 
are simple and but slightly vkscular. 

II. ^ The transforma^ons of the tail of the gar-pike, Lepi- 
dosteus. 

That the tail of the young Lepidosteus is unlike that of the 
adult has been observed by Prof. Louis Agassiz. But although 
he repeatedly called attention to the transformation, little notice 
has been taken of it ; it is not mentioned in any systematic work 
in the English language. 

This neglect may have been due partly to the absence of figures 
from Prof. Agassiz's descriptions, and partly to their brief and, to 
some extent, contradictory nature. 

The observations of Prof. Agassiz are here reproduced. 

"Zadock Thompson has described a young specimen under the 

name of Lepidosteus lineatus I have ascertained, by 

a series of specimens, that the detached lobe formed by the upper 
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raylets of the caudal fin is gradually united with the lower rays," 
(Agassiz, 1, 263.) 

" In the immature state these fishes [the species of Ijepidosteus'] 
have the upper region of the caudal separate from the lower as 
a distinct lobe, the body is scaleless, and the pectorals consist of 
membrane arising from a fleshy tubercle ; . . . . they have 
mostly a broad longitudinal black band along the middle line," 
(Agassiz, 9, 360.) 

"The young gar-pikes are remarkable as possessing certain 
embryological characters. The most conspicuous of these is the 
prolongation of the vertebral column in the shape oif a fleshy fila- 
ment, distinct from the caudal fin, which [the filament] had at 
times a vibratory motion, involuntary, and quite distinct from the 
motions of the body itself, as is seen in some embryos." 

" This singular formation shows that the caudal fin is properly 
an appendage to the lower surface of the|porsal column, a true 
second anal, and not the proper termination of the column." 
) Agassiz, 2, 48.) 

It will be noted that in this later account Prof. Agassiz speaks 
of the filament as single and not as the upper raylets, as in the 
passage first quoted. But he does not here correct the erroneous 
statement, that it is " gradually united with the lower rays." 

" In the adult state, the Lepidosteus has ^ large rounded caudal 
at the extremity of the tail ; in the young, the entire caudal is 
placed below the extremity of the vertebral column, as a second 
anal, and the vertebral column is prolonged as a detached lobe, 
along the superior border of the caudal. That conformation per- 
sists until the fish is .200, (2 decimeters, about 8 inches) in 
length." (Agassiz, 3, 57.) 

Dumeril (4, 319) calls attention to these descriptions by 
Agassiz, and figures (PI. 24, fig. 4) the tail of what is stated 
to be a very small specimen, but which, judging from the size of 
the figure and the shortness of the filament, was probably at least 
200"«°- (about 8 inches) long. 

My own observations relate to the form of the tail in the very 
young, before it assumed the character described by Agassiz ; the 
manner of formation of the caudal fin ; the gradual disappearance 
€>f the filamentary end of the body ; its representation in the tail 
of the adult fish. 
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The material at my disposal is as follows : — 

A. Young Lepidosteus brought to me in alcohol by Master 
Edward Steers (nephew of the late Prof. Evans of Cornell 
University), who took them from the Red River, near Shreveport, 
La.2 

The sifttUest of these is shown (enlarged 5 diameters) in fig. 1. 
It is 18 millimeters (about f of an inch) long. The largest is 
44""- (about If inches) long. 

B. Tpn young Lepidosteus (probably L, osseus) obtained by 
me in the Illinois River, at Peoria, during July, 1875. These were 
kept alive by me and carefully watched for from three weeks to a 
few days each. The smallest is 63™°** (about two and a half 
inches) long; the largest is 300""* (about twelve inches) long. 

C. Numerous specimens and preparations of adult and partly 
grown L. osseus and L, platystomus in the Museum of the Cornell 
University. 

The smallest Lepidosteus in my possession (it is apparently 
much smaller than any that have hitherto been examined) is 18°"^ 
(a little less than three-fourths of an inch) in length. In figure 1 
it is enlarged 5 diameters. Unlike most young specimens it is 
almost colorless.3 

The head is rather short and depressed like that of Polypterus. 
The eyes are large and dark. The nostrils are easily seen ; the 
anterior openings look upward and outward instead of downward 
and forward as in the adult. The branchiostegal membranes are 
separate as far forward as the transverse fdid which exists in all 
L^idosteus,* 

The ventral fins have not j'et appeared. The pectorals are veiy 
large and prominent, and consist of a central lobe with a thin 
border or firinge. The significance of this will be discussed here- 
after ; see page 166. 

A median fin extends from the middle of the length to the vent, 

s Several of these were handed by me to the late Prof. Agassiz. Unfortunately 
bis failing health and pressing avocations prevented any examination of them, and they 
have been kindly loaned to me by Mr. Alex. Agassiz, Curator of the Museum of Com- 
parative Zoology. 

* This is the case with two small specimens about 5^^- long, taken fVom the stomacb 
of a small Lepidotteus, They are probably newly hatched gars, hut are not capable 
of determination. 

« I think there are reasons for regarding this fold as homologous with the hinder 
border of the gular plate of Amia, But as this question involves the homology of 
•ome other parts now undetermined, I reserve it for another occasion. 
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and thence to the end of the tail. A similar primordial fin ex- 
tends along the hinder third of the body above. This fin is quite 
deep and consists of a delicate membrane supported by very 
numerous and slender rays in close apposition ; they incline slightly 
backward. 

The tip of the tail is unfortunately missing from this%pecimen, 
so that its exact form can only be inferred. The larger specimens 
show a gradual sharpening of the caudal extremity, whence we 
may infer that in the earliest stage the end is not vei-y acute. 

Near its hinder extremity the body has a slight downward incli- 
nation. In all the larger individuals the body il either nearly 
horizontal or inclined upward at its hinder extremity. 

The primordial median fin presents four points of special altera- 
tion, two dorsal and two ventral. They are nearly opposite each 
other, but the ventral one of each pair is a little anterior to the 
dorsal. 

They appear to be somewhat thicker than the surrounding parts 
of the fin, and darker from a greater or less depdsition of pigment 
granules, especially near the margin of the body. 

The anterior pair (2), A), dorsal and ventral, occupy the portion 
of the dorsal and anal fins of the adult. But no large rays, or 
other structures than the delicate rays of the primordial fin, are 
to be seen. 

The hinder dorsal spot (X) is very faint and would hardly be 
noticeable but for its more pronounced character in larger speci- 
mens. It has no la»ge rajs and later disappears entirely.^ It 
may possibly represent the second dorsal of Glyptolcemus ; but 
more probably the upper lobe of the caudal fin of Uiidina and 
Mdcropoma, This correspondence will be referred to hereafter. 

The spot (G) on the lower lobe of the caudal of the young Lepi- 
dosteus is evidently a developing fin. It is thicker than the rest 
of the primordial fin. In the centre of the thickened space are 
dimly seen four or five larger rays pointing obliquely downward 
and backward. Their attachment to the margin of the body is 
indicated by its thickening and by a crescentic emargination. 
This emargination resembles that on the lower part of the tail of 
CalamoicJithys ; but in this genus the fin so indicated is probably 
the true anal ; the infra-caudal lobe not being difi*erentiated. 

< This transitory fln is comparable with the temporary anals of the young skate as 
described by Wyman (11, 35) ; one of which, however, attains quite a large size before 
its disappearance. 
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The specimen above described, represents, so far as I am aware, 
the earliest known sta^ of Lepidosteus. But there can be no 
doubt that at a still earlier stage the tail was simple and undiffer- 
entiated like that of AmpJiioxus, 

A second very small specimen is no longer than the one above 
described, but seems to be more developed. It is darker colored ; 
the belly being almost black while the upper half of the body is 
brownish. The four median fins are indicated by decided though 
irregular blotches, and the rays of the infra-caudal are more dis- 
tinct. 

White longitudinal elevations show where the ventral fins ( Ve) 
are about to appear. 

The difference in the color of these two smallest specimens is 
very marked. The white one is apparently the younger although 
a trifle the longer. But it cannot be determined at present that 
the color is developed only after the attainment of a certain size 
or stage of growth. 

The specimen next figured (Fig. 2) presents the following fea- 
tures. Its length is 23"""* Its colors are darker than the one first 
described, but less decided than in the second small specimen re- 
ferred to. 

The ventral fins ( Ve) are little white buds opposite the anterior 
extremity of the primordial fin (1). This latter has changed but 
little. It seems rather thinner and its borders are ragged, as if in 
process of removal by both absorption and abrasion. 

In addition to the interruption for the vent, the primordial fin 
now presents three emarginations, as follows : — 1 . About mid-way 
between the spots representing the dorsal and the supra-caudal 
fins. 2. Behind the spot representing the anal fin. 3. Between 
the primordial fin (3) on the lower border of the tail and the 
infra-caudal lobe, which now projects slightly and is supported by 
eight or ten rays split at their tips but reaching the border of the 
fin. 

In this specimen we see the beginning of the changes which are 
to result in the total disappearance of the tail proper and the 
taking of its place and ofl3ce by the greatly enlarged infra-caudal 
lobe. 

Passing over intermediate sizes in which the head is progres- 
sively lengthened, and the ventrals enlarged we come to the 
specimen represented in fig. 3. 
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Like the one first described this is a pale individual. Its total 
length is 44""* From the tip of the sn^t to the middle of the 
eye, 9™"- ; from the eye to the vent, 21""- ; from the vent to the 
tip of the tail 14°^"»- 

The primordial fin has disappeared excepting on the border of 
the filament {fi ) which is the elongated and slender termination 
of the body. The pectoral fins are still distinctly lobate, the thin 
border not being more than one-half as broad as the fleshy central 
lobe. 

The anal and dorsal fins are distinct, and have each seven rays. 
The ventrals are still very small. 

The rays of the infra-caudal are distinct. They are more nearly 
in line with the body tha^^ in the younger specimens, while the tail 
is slightly elevated. Both the filament and the infra-caudal lobe 
have increased in length. But the latter has also become wider, 
while the former is so slender as to merit the name filament. It 
projects about 1.5"*"- beyond the infra-caudal lobe. 

The specimen last described is the largest of those from the 
Red River. The smallest of the specimens from the Illinois River 
has a total length of 63™"* ; 13™™- from muzzle to middle of eye ; 
23mm. I'j.Qjjj QyQ |.^ vent, and 22™™- from vent to tip of filament. 

As in most of the Red River specimens. and all of those from 
the Illinois, the dark lateral stripe is strongly contrasted with the 
white belly and brownish back. The border of the pectoral is now 
equal to the lobe. The tip of the caudal filament is very slender 
and projects 3™™- beyond the infra-caudal lobe. 

At the base of the filament, just behind the tip of the dorsal, 
are two pairs of slight elevations, one behind the other, and look- 
ing backward. These are the first representatives of the fulcra; 
a series of strong spine-like plates which, in the adult gar, cover 
the anterior part of the upper and lower borders of the tail. 

In a specimen 108™™- long, the tips of the filament and the infra- 
caudal lobe coincide. Both have increased in length and width, 
but the lobe more rapidly than the filament. 

The outlines of scales appear on the sides of the hinder half of 
the body, and there is an increase in the size and number of the 
fulcra. 

In a specimen measuring 142™™* from tip of head to tip of caudal 
lobe, this latter projects 8™™- beyond the filament. Its rays, that 
is, the central ones, are in direct line with the axis of the body, 
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while the base of the filament is crowded upward. There are 
now five pairs of fulcra, the hindermost of which extends back- 
ward as far as the point of separation between the filament and 
the lobe. Behind this point the filament is apparently undergoing 
structural degeneration and removal. It is thin, slender and 
ragged at the edges. 

But there is evidently considerable variation as to the period of 
this removal. For of two specimens about 190™"- in length, one 
has the filament equal to the lobe, and in the other it is but 3™"- 
shorter. 

The largest specimen in which the filament is preserved, is about 
QQQwm. iQjjg^ The lobe projects 15™™- beyond the filament. The 
free part of the latter is much attenuated, and, during life, was 
but feebly and occasionally employed. The tail of this specimen 
is shown in fig. 4. 

In imagination we may readily supply the stages intermediate 
between that last described and the tail as usually represented, 
where the free part of the filament has wholly disappeared, and 
its base, covered by the fulcra, seems to form only the upper 
border of the functional tail. This latter, however, from a mor- 
phological point of view, is really an appendage of the filament. 

The movements of the filament have been well described by 
Agassiz. He, however (2), speaks of it as "involuntary." By 
this he may have meant only that, as with other very rapid vibra- 
tions, a separate volition is not required for each individual move- 
ment. In fact, during vibration, the filament is invisible. But 
the motion is not involuntary as is that of cilia or unstriped mus- 
cular fibres. For at times the filament is wholly at rest ; it may 
be elevated or depressed, curved strongly to the one side or to the 
other, and more or less rapidly vibrated in any of these posi- 
tions. 

The movement may be compared to that of the wings of most 
insects and of the humming-bird. Still more closely with that of 
the tail of Crotalus.^ 

On each side of the cartilaginous rod, in its whole length, is a 
band of striated muscular fibre. 

It would be interesting to ascertain whether the nervous supply 
comes from the cord within the filament or from the permanent 

• Many of ttie ColubridcBt under strong excitement, wUl vibrate the tail ai doei tbt 
rattlesnake. 
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portion of the cord anterior to the point of its separation from the 
infra-caudal lobe. 

The representation of the filament in the adult tail. Agassiz' 
figure of the tail of Lepidosteus (5, tome II, tab. A), was prob- 
ably made from a dry preparation, and his description (tome I, 
part II, 23), does not mention any cartilaginous prolongation of 
the bony vertebral column. I am not aware of any other figures 
or description of the tail of Lepidosteus. 

Figure 5 represents (reduced ^) the dissected tail of a medium 
sized L, platystomus. It will be noted that the outline of the 
caudal fin (the infra-caudal lobe of the foregoing descriptions) is 
nearly though not quite symmetrical ; the lower rays being a little 
shorter than the uppermost. 

In the figures of Agassiz and Dumeril the outline is much more 
oblique. This however, may be due in part to the fact that the 
upper rays are usually less separated than the lower, so as to 
cover less area than the lower. 

Probably too, there is specific variation in this respect. I am 
inclined to think also that the same species presents different 
characters at different ages. But for the determination of these 
questions a large number of individuals should be compared after 
their species have been ascertained. At present the taxonomy of 
Lepidosteus is in a very confused state."^ 

The outline of the base of the fin presents a double curve like . 
an elongated letter /. The fulcra cover the anterior two-thirds of 
the dorsal border and three-fourths of the ventral border. Both 
series are closely attached to the uppermost and lowermost caudal 
ray respectively. These rays not only divide and subdivide like 
the fin rays of Malacopteri^ but also consist of two lateral halves^ 
which are often not exactly applied to each other, as seen in fig. 6. 

The lateral halves of the uppermost caudal raj" are separated 
from each other excepting at their lower border, and between 
them lies a tapering cartilaginous rod, whose upper surface is 
covered by the bases of the dorsal fulcra. The relation of parts 

"* The same is true of many other American forms which are not readily obtainable, 
in large numbers, by European naturalists; as, for instance, the American Sturgeons, 
the PetromyzontidsB, and the tailed Batrachians. 

» Goodsir (13, II, 106) and Humphrey (8, 59) have called attention to the fact that the 
rays of median fins consist of two lateral halves. The latter author regards it as one 
of the grounds for considering each lateral fin to correspond to a lateral factor of a 
median fin. I find, however, that in Lepidosteus the rays of the ventral fins are like* 
wise double. 
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is seen in fig. 6, which represents a vertical section of the upper 
border of the tail about the middle of the series of fulcra. 

Posteriorly the rod msiy be traced to beneath the hindermost 
fulcra, this point corresponding nearly with the point of separa- 
tion of the filament and infra-caudal lobe in the young. Ante- 
riorly it descends gradually to become continuous with the hinder- 
most vertebra. 

The cartilaginous rod above described is called notochord by 
Huxley (7, 20). A cross-section, however, shows that it really 
represents the whole spinal axis, as seen in fig. 6. The noto- 
chord {N) is surrounded below and on the sides by the cartilagi- 
nous and unsegmented basis of the vertebrae {CS) which, above, 
sepai'ates into two laminse enclosing the neural canal and the 
spinal cord (SC). 

The structures above described are readily seen in the tail of 
the adult Acipenser and Polyodon. After maceration in weak 
spirits for some months, the notochord of these genera may be 
withdrawn from the surrounding cartilage as a membraneous tube, 
the contents of which may be washed out. 

In Polyodon the fibres of this membraneous notochordal sheath 
are arranged in a peculiar nef-work permitting considerable exten- 
sion, with contraction of the caliber, or shortening with corres 
ponding increase in diameter. 

In Amia the cartilaginous sheath is thicker in proportion, but 
the true notochord and the spinal cord may be traced to the 
extremity. 

The whole structure is much shorter than that of Lepidosteus^ 
but in several specimens prepared by me, it comes much nearer 
the upper border of the fin than in the figure by Huxley, (7, fig, 
6), The rod is not represented by Franque (10). 

The tail of the adult Amia has, therefore, essentially the same 
structure as has that of Lepidosteus, Nothing is as yet known of 
the earlier stages of its development. Through the kindness of 
Prof. H. A. Ward, of Rochester, I have recently obtained two 
small specimens, respectively 70™"- and 100°*"- (about three and 
four inches) long, which have the characteristic tail of the adult^ 

• These specimens wiU be described upon another occasion. For the present I will 
only mention that in both the markings on the body and flns are more distinct than in 
the adult, and that the smallest presents two decided black stripes on each side of the 
headi one of which runs across the eye, as in the young LepidosteiMf while the other 
descends obliquely backward from the eye toward the margin of the operculum. 

A. A. A. S. VOL. XXIV. B. (11) 
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with an even more decided upward inclination of the upper caudal 
rays, in strong contrast with the figures of Franque (10) and 
Huxley, (7, Fig. 6). 

Nevertheless,- so nearly does the tail of the adult Amicl resem- 
ble that of Lepidosteus^ that I cannot avoid inferring that it 
passes through a similar series of transformations. And I would 
suggest to those who live near the breeding places of Amia^ the 
importance of making a complete study of its development. 

As the most teleosteoid of Ganoids (its ganoid nature being in 
fact denied by Liitken, 16, 336), its embryology will be especially 
valuable. 

The stages through which the Lepidosteus passes are comparable 
with the adult conditions of various living and fossil forms. 

But this parallelism is rarely or never exact in regard to more 
than one of the features under consideration, the direction of the 
spinal axis and the subdivision of the primordial median fin. 

As already stated the first stage is not represented among the 
specimens. But, judging from all analogy, we may infer that the 
young Lepidosteus of about 10"™* in length, has a continuous 
median fin with no differentiation of color or thickness, and with 
no sign of subdivision into separate fins ; and that the posterior 
end of the body is horizontal or slightly deflected downward, 
separating the equal or nearly equal upper and lower caudal lobes. 

In the earliest of the stages here described the spinal axis is 
still nearly horizontal, but the median fin shows signs of subdivision. 

In both the tail would be described as truly homocercal by most 
authors, as diphycercal by McCoy and Huxley, and as protocercal 
by Wyman, 

I do not wish, on this occasion, to discuss the general subject of 
the nomenclature of tails. But it seems to me that all the argu- 
ments of Huxley in favor of diphycercal for homocercaU® as 
applied to tails like . that of Polypterus^ apply with even greater 
force toward substituting protocercal for both. For the latter 
term indicates that the structure under consideration exists in the 
earliest known stages of development of Selachians and Ganoids ; 

10 Cope (17) has proposed " isocercal " for the same form of tail. Bat he applies this 
term to the eel {Anguilla)^ in which, according to Huxley (15, 42), the arrangement is 
really heterocercal as in most if not all other osseous fishes. The whole subject, how* 
ever, needs a special revision by comparison of several stages of development of the 
tail in all forms of aquatic vertebrates. 
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in certain very ancient Ganoids (as Glyptoloemus and Oyroptychius) ; 
and in the generalized forms Lepidosiren and Ceratodus. 

I have not been able, however, to find the word used elsewhere 
than in Wy man's paper on the Development of Rata batis (11). 

Upon the general subject see Huxley (6, 7, and 15), with other 
papers therein referred to. 

This stage of the Lepidosteus may be compared with Amphioxus, 
the lowest known Vertebrate, with Lepidosiren^ Protopterus and 
Oeratodus,^^ where, however, the primordial fin-rays seem to have 
been replaced by stronger and permanent rays ; Myxine^ Bdellos- 
toma and Petromyzon^ where the rays are cartilaginous ;^^ (in some 
species of Petromyzon the median fin is continuous, with slight 
undulations indicating the subdivisions in other species) ; and 
with Menobranchus and Menopoma, where, as in the larvae of 
Anoura, there are no fin-rays at all. 

The cartilaginous prolongation of the vertebral column of Polyp- 
terus is not shown by Agassiz (5, II, tab. C). It is figured by 
Huxley and described (7, 20), as hardly at all bent up. 

In a Calamoichthys in my possession a line drawn vertically 
across the tail over the end of the cartilaginous rod intersects 
twelve fin-rays. Four of these lie above the rod and eight 
below. Still the upward inclination of the rod is very slight, 
perhaps not enough to prevent the recognition of these two genera 
as protocercal. Some other form would have been better, however, 
for illustration. 

Among fossil forms with apparently protocercal tails are proba- 
bly included the extinct species of Ceratodus described by 
Newberry and Cope. 

In all the above excepting Polypterus and Calamoichthys, the 
median fin is continuous as if formed by direct enlargement of the 
whole primordial fin. 

But in other fossil forms, as in the two genera above named, 
parts of the primordial fin are differentiated and bear the names 
dorsal and anal. 

The most instructive of these is Olyptolasmus, a Devonian fish 
described and figured by Huxley (6, fig. 1, and plates I and II). 
"There are two dorsal fins placed in the posterior half of the 

u Commonly known as Dipnoans, bnt included among the Ganoids by Gtinther (19) 
Gill (12) and others. 

^3 Perfectly distinct, although these have been called Dermopteri by Owen. 
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body. The ventral fins are situated under the first dorsal and are 
succeeded by a single anal. The caudal fin, whose contour is 
rhomboidal, is divided into two equal lobes by the prolonged coni- 
cal termination of the body ; in other words, the fish is diphy cer- 
eal or truly hornocercal" (Huxley 6, 3). 

Huxley states that the head, body and fin, of Gyroptychius might 
be described in the terms which have just been applied to Olyp- 
tolcemus. 

Both these genera are comparable with the first stage of Lepidos- 
teus. The tail is strictly protocercal (or "diph3^cercar'). More- 
over there are two dorsals. If the anterior be the homologue of 
the single dorsal of the adult Lepidosteus, then the posterior may, 
perhaps, represent a development of the transitory posterior dorsal 
of the young Lepidosteus. If the anals correspond in the two, 
then the infra-caudal lobe of Lepidosteus is not differentiated from 
the rest of the tail in Glyptolcemus^ or GyroptycJdiis, 

But it may be that another interpretation is more nearly correct. 
Certain other fossil forms, as Undina^ and probably Macropoma, 
have a continuation of the vertebral column between the two equal 
lobes of the caudal fin, and the prolongation of the caudal extrem- 
ity bej'ond it as a filamentary appendage (Huxley 6, 15). Leaving 
out of the comparison the advanced anterior dorsal of Undina^ 
the posterior dorsal may be compared with the true dorsal of Lepi- 
dosteus ; the anals are apparently homologous. There are then 
an upper and a lower caudal lobe of nearly equal size, the filament 
projecting between. The lower lobe may naturally be homologized 
with the permanent infra-caudal of Lepidosteus^ while the upper 
lobe represents a similar development of the transitory appearance 
(X) of Lepidosteus. 

Which of these interpretations is correct will hardly be deter 
mined before the general affinities of all these forms, fossil and 
living, are better understood "than at present. Meantime I venture 
to call attention to the facts, well known but not always borne in 
mind, that all median fins are differentiations of a single continuous 
primordial fold ; that even in nearly allied forms they present 
considerable diversity of size and position ; and that no such tax- 
onomic significance is probably to be assigned to them as to the 
lateral fins, of which there are never more than two pair. 

Leaving out of the comparison the degree of subdivision of the 
median fin, the stages 3, 4, and 5, represented in figs 2, 3, and 4, 
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have their more or less accurate counterparts among various living 
and fossil Ganoids and Sharks. ^^ 

Alopias has a long upper lolre (so-called). ^^ 

In Polyodon and some species of Acipenser and in most Sharks, 
the upper lobe is but little the longer ; in Lamna the lower lobe 
nearly equals the upper. I am not acquainted with any Ganoid or 
Selachian where the lower lobe is the longer, as in the sixth stage 
of Lepidosteus (Fig. 5).^^ 

The last stage (7, fig. 6), exists in Amia alone among living 
Ganoids, and, so far as I am aware, is not presented by any palae- 
ozoic forms ; their tails being either protocercal (as in Glyptoloe- 
mus) or obviously heterocercal as in Palceoniscus, etc. 

But among mesozoic forms the amioid tail is not unusual ; and 
a series may easily be formed, as, for instance, of Lepidotus^ Meg- 
alums and Thrissops by which the truly heterocercal tail is appar- 
ently converted into the apparently homocercal form. Indeed the 
tail of Megalurus, as figured by Agassiz (5, tab. E, fig. 4), might 
almost be taken for that of AmiaJ^ 

" Several species of Loricari.i have the upper caudal ray frreatly prolonged so as 
to form a filament. In an adiill examined by me there i3 no prolongation with it of tho 
notochord. It would be interesting to examine the young in this genus. The filament 
adds anotlier to tlie analogies between the Goniodonts of South America and the Stur- 
j^eons of the Nortliern hemisphere which have been pointed out by Agas^siz (20, 30; 21, 
242,299; 22,351). 

** I use tlie term upper lobe because it is commonly employed. Strictly speaking, 
however, it is not a lobe of the caudal fin in any such sense as is tlie lower lobe here 
called infra<caudal. It is the prolongation of tlie body and is really a gigantic^tomen/. 
The tail of Chimera is even more exaggerated. 

Something lilce a reversed representation of the changes in the tail of Lepidosteus 
occurs with the developing skate. The dorsals of Raici batis were found by Wyman 
(11, ^i) to "change position from tlie middle to the end of the tail. At the time of 
hatching, however, there is still a slender terminal portion of the tiil wliich is after- 
wards either absorbed or covered up by the enlarged dorsals as they extend backward." 

In a young skate taken from the egg-case ^d measuring 70<o«- in length, I find pro> 
jecting beyond the second dorsal a slender filament about 10°™- long, wliich is atrophied 
as compared with the rest of the tail, and apparently in process of removal. (In Urap- 
tera, as remarked by Wyman, this slender tail is persistent). Alter its removal the 
hinder dorsal of the skate occupies toward the end of the body the same position, 
morpholoirically, as if it were a supra-caudal lobe or difl'erentiation of the primordial 
fin, corresponding to the infra-caudal lobe of Lepidosteus. The end of the vertebral 
column is not, however, bent downward so as to allow the dorsal to be strictly tei*mi- 
nal: perhaps in adaptation to its frequenting the bottom. 

*» There seems to be no reason why such a form should not exist, a reversed coun- 
terpart of Alopiaa as Hemirhamphua is of Xiplims. 

i« In the diagrammatic restoration of Me<jalurus above referred to, the scales are 
represented as rhombic. But they are really cycloid, as in Amia^ in all the four species 
shown \}y Agassiz in Plates 61 and 5l» of the same work. May not Megalurus be a 
fossil representative of the Amiadae ? Huxley, however, (7, 127), says that " it is not 
certain that any member of the group occurs in a fossil state;" and Liitken (IG, 336), 
thinks *^ there is no positive reason for arranging the Megaluri (which he regards as 
Teleo^tei) with the Amiadse." 
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Since Huxley (15) has shown the probability that the tails of 
most if not all Teleostei, are really strongly heterocercal, it is not 
difficult to imagine a series by which the tail of Amia should be- 
come that of one of the Clnpeoids with which Cuvier had placed 
it. Indeed there are fossil Ganoids ( Thrissops^ AspidorhynchuSy , 
etc.) whose tails are apparently as perfectly homocercal as those of 
any Salmo or Scomber, but which, by analogy, we may suppose to 
have been, in the earlier stages of development, distinctly hetero- 
cercal, or, perhaps, even protocercal. 

But the transition is still better illustrated by the changes which 
occur in Gasterosteus as described by Huxley (15) and as lately 
seen by me in a Siluroid. 

For in the young Gasterosteus the cartilaginous rod (called noto- 
chord by Huxley) is not only strongly bent upward but also 
reaches the upper angle of the tail, nearly as in Lepidosteus. But 
in the half-grown fish, by the growth of the fin rays the end of the 
notochord " no longer reaches, by a long way, to the posterior 
superior angle of the caudal fin ;" this is the condition of things 
in Amia. 

It may be said, therefore, that the Teleostean tail does not simply 
begin where the Ganoid tail leaves off, but actually overlaps it ; 
the two earlier stages of the former being represented by the tails 
of Lepidosteus and Amia, the latter genus, as has been already 
stated, being regarded as the most teleosteoid of Ganoids. 

Liitken has remarked (16, 332) that "in general an evident 
progress from the heterocercal to the so-called homocercal or fan- 
like tail may be observed running parallel to the progress of the 
geological epochs." 

The transformation of the t^ of Lepidosteus so far as already 
known, woulij have furnished an embryological parallel to the 
structural and geological series ; while the earlier condition here 
first described enables us to extend the comparison to the proto- 
cercal forms of which some are among the oldest known fishes and 
others, now living, are either the lowest of vertebrates or manifest 
such striking relations with other classes as to have received the 
name "generalized Ganoids." 

III. — The transformations op the pectoral fins of Amia and 
Lepidosteus, 

Rafinesque^^ described a small gar-pike under the name Sarchi- 

1^ Journ. ac. nat. sci., Philad., 1818, vol. I, part II, p. 418. 
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ru8 because the pectorals consisted of a membrane rising from a 
fleshy lobe. 

Agassiz (9, 360 ; 8, 58) has shown that this form of pectoral is 
characteristic of the young Lepidosteus, Dum^ril (4, 320) quotes 
Agassiz' observations but makes no comment upon them. No 
other systematic work, so far as I know,, contains any reference to 
the fact. 

Since Huxley (6, 24), has proposed a new sub-order of Ganoids, 
Crossopterygia, mainly ' ' in consideration of the peculiar manner 
in which the fin rays of the paired fins (the pectorals and usually 
the ventrals) are arranged so as to form a fringe round a central 
lobe," it is desirable to ascertain whether the early stages of other 
Ganoids exhibit similar features. 

This is certainly the case with all the young Lepidostevs above 
described, including the largest. Moreover, in any minute de- 
scription of the adult L. platystomus, the pectoral fins would be 
distinguished from the ventrals by the existence of a decided 
fleshy rounded lobe at their base. 

In the smallest gar (Fig. 1, P) the fringe forms little more than 
one-third the whole length of the fin. As the fish grows the lobe 
becomes rather longer and narrower, but the fringe increases so 
much more rapidly as to render the former comparatively incon- 
spicuous in the adult. 

The pectorals of Amia, even the adult, have a fleshy lobe. In 
the smallest specimen already alluded to, the length of the whole 
fln is 10""- and the basal lobe forms one-fifth of this, 2"^* 

So far as regards external form alone, both Amia and Lepidos^ 
teu8 must be regarded as having lobate or fringed pectoral fins. 

But the significance of this fact depends largely upon two other 
considerations. 1. Is the structure of the fin identical with that 
of Polyptenis and the other forme included among the Crossop- 
terygia? 2. Is the lobe necessarily covered bj' scales ? 

It is so covered in Polypterus and, as I infer,, in the fossil genera. 
But I have not found scales upon the lobe in even the adult Amia 
and Lepidosteus, 

Since, however, all those forms, like the young Lepidosteus^ 
were probably scaleless when young, it would seem that not much 
weight should be assigned to the lack of scales in the adult. 
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lY. — On the brains of Ami a, Lepidostbus, Acifensbr and 

POLYODON. 

There is a wide difference of opinion among zoologists respect- 
ing the limits of the group commonly known as Ganoids, and its 
relations with the other fishes, and the higher Vertebrates. To 
the group as originally defined by Agassiz and Miiller,' including, 
with many fossil forms, the living LepidoBteua^ Polypterua and 
fiturgeons {Adpensevy Scaphyrhynchtts and Folyodon)^ Amia was 
soon added, and Agassiz was even inclined to adjoin the Siluroids, 
the Flectognaths and Lophobranchs. Prof. Gill (12) considers 
that ^Hhe Polypterids (Crossopterygia of Huxley) and Dipnoans" 
{Lepidosiren^ Protopterus and, probably, Ceratodus) exhibit so 
many characters in common that they are not even entitled to sub- 
classieal distinction. Dr. Gunther (19) considers the Dipnoi as a 
sub-order of Ganoids, and unites these with the Selachians as a 
sub-class of fishes, Palseichthyes. Liitken (16) goes to the other 
extreme and excludes from the Ganoids not only the sturgeons 
but also Amia,^^ Cope (17, 582) does not recognize the group 
at all. 

It will be observed that, for determining the limits and relations 
of Ganoids, naturalists have appealed to the scales, to the dermal 
ossifications upon the head, to the skull and skeleton in general, 
to the limbs, to the spiral intestinal valve, and the multivalvular 
and rhythmically contractile bulbus arteriosus. * 

The embryology of the typical Ganoids is wholly unknown, and 
this most valuable aid in classification is, therefore, not at present 
available. 

The only brain character which has entered into the discussion 
(is the chiasma of the optic nerves. In this the Ganoids differ from 
the Teleosts and Myzonts, and agree with the Selachians and 
higher Vertebrates ; but the general aspect of the brain is more 
nearlj that of the Teleosts. 

It does not appear however that any detailed comparisons have 
been made between the brains of Ganoids and those of other fishes 
and the higher Vertebrates ; and Prof. Gill who alludes (12) to 
'* the superior taxonomic value of modifications of the brain and 

u LUtken makes no reference to the brain, and his characters seem to be in other re- 
spects defective. But (p. 336) he admits the possibility that future discoveries may 
some day demonstrate to us unluiown bonds. 
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heart in other classes of Vertebrates," does not refer to any other 
featare than the optic chiasma already mentioRed. 

Having reasons,^* other than those derived from the extreme 
diversity of conclusions already referred to, for believing that a 
careful study of their brains will throw light upon the limits and 
classification of Ganoids, I have this summer (1875) made numer- 
ous preparations of the brains of the four American genera, Aamiay 
LepidosteuSj Acipenser and Polyodon, comparing them with each 
other and with the figures and descriptions of Ganoid brains to 
which I have had access. 

Since, in comparison with the preparations, none of the pub- 
lished figures and descriptions are wholly satisfactory, I liere refer 
to them in detail. 

Apparently the earliest figure of a ganoid brain is that by 
Stannius (32) of the sturgeon's brain. It seems to be a correct 
representation, and fairly indicates the features, which, according 
to the views I have reached, are characteristic of the brains of all 
Ganoids. But no especial attention is drawn to them, and the 
nomenclature of the two anterior pairs of lobes has not been ac- 
cepted by later authors. Stannius calls the first pair, from which 
arise the olfactory nerves, the olfactory tub&rclea^ and the second 
pair, which most authors call* hemispheres (but w]|ich I believe to 
be specially developed portions of the thalami), the olfactory lobes. 
He thus recognizes no cerebral hemispheres at all, and n\akes no 
comparison between the sturgeon's brain and those of other fishes, 
or the higher Vertebrates. 

It is to be noted that this nomenclature of the two anterior 
pairs of lobes corresponds with that which Gottsche had applied 
to the brains of osseous fishes, in 1835. This author (30, 445) 
enumerates the various names which had been given to the hinder 
and larger pair, and concludes that they are the olfactory lobes, 
the anterior pair being olfactory tubercles. Gottsche cites Des- 
moulins and Serres as regarding the so-called olfactory lobes as 
cerebral lobes, which name has since been more commonly em- 
ployed. Gottsche makes no definite allusion to the brains of other 
fishes than the Teleosts. 

10 Based upon the probability that snch an organ as the brain wonld be most exempt 
from modifications by external agencies in the progress of evolution, and would thus 
manifest more uniformity of structure throughout the more comprehensive groups 
than would the digestive organs, the skeleton or limbs. Compare Agassiz, 48, II, 362). 
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In 1844 Johannes Miiller figured (18) the brain of Pdypterus 
from above, from below, fk*om the side and in single cross section, 
through the pair of lobes next to the anterior. 

There can be no better illustration of the slight importance as- 
cribed at that time to the brain for taxonomic purposes than the 
insufficient of figures and very brief descriptions, which the great 
ichthyologist devoted to the brain of a typical Ganoid. He says 
(p. 139) ^'Das Gehirn der Ganoiden ist eigenthumlich und anter- 
scheidet sich von dem der Knochenfische und Plagiostomen." 
Yet his description of the brain (p. 140) and r6sum6 of the charac- 
ters (p. 141) give us only the optic chiasma, a feature which the 
Plagiostomes share with the Ganoids. (See also 41, 24.) 

Miiller enumerates the cerebellum and the optic lobes, the 
"lobus ventriculi tertii" (corresponding to the thalamus of higher 
vertebrates) the hemispheres, olfactory lobes and olfactory nerves. 
Although commenting upon the general resemblance of the brain 
to that of the sturgeon he does not call attention to the different 
determination which he makes of the two anterior pairs of lobes. 

In the following year Busch (29) published figures of several 
Ganoid brains. 

This work I have not been able to obtain. But if the figures of 
the brains of th# sturgeon and the Chimera^ copied by Owen (24, 
I, figs. 173 and 179), are fair examples, the work did not materi- 
ally advance the knowledge of either the form, the structure, or 
the homology of the ganoid brain. 

The paper of HoUard (34) admits three types of brains, the 
teleostean^ the plagiostome and the cydostome. It is not clear to 
which of these types he would refer the ganoid brain. 

In 1848, a pupil of Miiller, H. Franque, figured (10) the brain 
of Amia from above and below with separate views of the optic 
chiasma. He makes no comparisons with other brains, and his 
description is a simple enumeration of the lobes according to the 
usual nomenclature, the two anterior pairs being olfactory lobes 
and hemispheres respectively. 

Dum6ril (4, pi. 20), copies from Phillippeaux and Vulpian 
figures of a sturgeon's brain from above and below. He makes no 
original observations. The so-called hemispheres are shown as 
solid rounded masses without eversion of the dorsal borders, and 
the olfactory lobes as solid without even the orifices distinctly por- 
trayed, though not interpreted, by Stannius and Busch. 
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In 1864, Mayer (40) published figures of a large number of 
fishes' brains, as illustrations of his idea that by the relative size 
and more or less intimate connections of the brain-lobes, fish-like 
forms could be divided into Pisces Mesencephali (Teleosts), and 
Pisces Proencephali (all others including Dipnoans). The 
eighty-four figures of Teleost brains are mostly original; they 
usually present only the upper surface and vary in the flegree 
of their accuracy, judging by comparison with preparations of the 
same species. 

The Myzont brain is represented by Miiller's figures of Myxine 
and Bdellostoma^ and by an original and very good figure of Petro- 
myzon marinus. His interpretation of the parts differs from both 
Miiller's and my own. 

Among Selachian brains are copies of Ocdeus and Callofhynchua 
from Busch, and of Torpedo from Savi ; the author adding a foetal 
Oaleus^ a Zygcena^ Squatina^ Raia^ Scymnus and Chimera; all 
are shown from above, Chimera alone shows the olfactory lobes ; 
the separation of these from the rest of the brain in the figure is 
not referred to in the text or regarded by others who have copied 
the figure. 

The brain of Protopterus is seen from the side in a copy of 
Owen's figure and from above in that of Peters. 

Mayer copies Busch's figure of the brain of Lepidosteus semi' 
radiatus^ and by its side gives an original figure of that of L. 
osseus without commenting upon the great difference and form and 
relative size of parts ; both are inaccurate. 

Similar unexplained discrepancies appear between the original 
figures of the brains of Adpenser sturio and Ruthenus^ while that 
of Polyodon agrees neither with them nor with the preparations 
made by me. There are copies of Miiller's figure of the brain of 
Polypterus and of Franque's of that of Amia. None of these 
figures indicate the existence of a lateral ventricle or a foramen of 
Monro. 

The Ganoids together with the Dipnoans are called Hemiepen- 
cephali. The Holo-ganoidei include Adpenser and Lepidosteus^ 
while the Hemi-ganoidei embrace Amia^ Polypterus^ Protopterus 
and Polyodon, 

"W^ile sympathizing with Mayer in his attempt to follow out the 
earlier suggestion of Carus, and make the brain the basis for a 
subdivision of fishes, I am compelled to say that his determination 
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of homologies and discrimination of groups, as founded upon the 
external aspect of [Mreparations (some of which certainly are 
badly preserved) do not stand the test of a careftil structural 
comparison. A smaUer number of figures of sections or dissec- 
tions of a few typical forms would have more materially ai4ed our 
comprehension of the brains themselves and of the zoological 
relati&s of the fish-like Vertebrates. 

In 18^ appeared a paper upon the comparative anatomy and 
development of the brain by Miklocho-Maclay (41). ^ 

This author regards the brain of Selachians as typical, and bases 
his determination of homologies ufpon the comparison of vertical 
longitudinal sections of the brains of an embr}'o shark {HeptaiV' 
chus) and a goat. He concludes that the cerebellum of the shark 
is a narrow bridge ; that the convoluted mass just in front, winch 
is usually regarded as the cerebellum, represents the optic lobes; 
that the optic lobes are really the thalami (zwischenhim) ; and 
that the hemispheres (vorderhim) are only partly separated from 
each other. 

Remarking, in passing, that Miklucho-Maclay offers no sufficient 
reason for the interpretation of the hinder lobes of the brain, I 
would call attention to the fact that the embryo shark was 180"^ 
(more than 5 inches) in length, and that, as shown by the figure, 
the so-called vorderhim had already nearly filled up. 

His diagram of a typical brain (Fig. 1) is not readily or closely 
comparable with any fish-brain, as it seems to me ; and since the 
author adopts Miiller's statement respecting the slight extent of 
the ventricles in the Myzonts, and neither describes nor figures 
any part of the brain of a Ganoid or Teleost, we are compelled to 
regard his interpretation of homologies throughout the branch as 
open to doubt, on account of the statement that the hemispheres 
of Ganoids and Teleosts are wholly separated (p. 560) ; this not 
being the case in any fish-brain excepting that of Protoptems^ 
where the true hemispheres are separate as in Batrachians. 

Owen (24, 1, figs. 173 and 174) figures from above the brains of 
a sturgeon copied from Busch, and of Lepidosteus apparently 
original and very imperfect. In both, the masses just in front of 
the optic lobes are called prosencephala (hemispheres). But, as 
there figured, the outward aspect of the two brains is so dissifnilar 

*> This paper wai not obtained by me until Febrnary, 1876. The delay in publica- 
tion of this paper enables me to insert a comment npon it. 
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and so little indicative of their real stmctnre, that the eminent 
author seems not to have thought of making any comparison be- 
tween them, ^he openings which I shall show to be the '^ foramina 
of Monro" aR represented in the sturgeon's brain even too dis- 
tinctly, but there is no reference to them in the text. The cerebel- 
lum of the sturgeon is described as a *^ simple commissural bridge 
or fold" according to its outward appearance, wh^as, by its down- 
ward projection into the optic ventricle as a thick keelshaped mass, 
the cerebellum has a very considerable bulk. The cerebellum of 
the gar-pike is figured as smooth and described as solid, whereas 
it is really hollow and presents two longitudinal depressions. 

The manual of Gegenbaur (14) contains several figures of fishes' 
brains. Three represent vertical longitudinal sections of the brains 
of embryo shark, snake and goat, which are apparently oiiginal, 
although the first resembles that of Maclay. Figures of the brain 
of Polypterus are copied from Miiller, and of the brain of a shark 
from Busch. 

Like many continental anatomists, Gegenbaur subdivides the 
brain into nach-, hinter-, mittel-, zwischen- and vorder-him. We 
have no good English equivalent for zwischenhim^ nor do the other 
names seem to aid the comprehension of the brain type any better 
than the ancient and convenient latin terms, cerebellum^ lohi optici^^ 
hemispheroe^ thalamic etc. 

In the present case the nomenclature of the several brains is 
not homogeneous, even according to the common interpretation 
that the hemispheres of the frog and other aerial Vertebrates are 
represented in fishes by the pair of solid lobes in front of the 
optic lobes, or in sharks by the single median mass from which 
arise the olfactory crura. The optic lobes of the shark are called 
zwischenhim, and those of Polypterus mittelhim ; and in the 
section of the brain of the embryo shark the term mittelhirn is 
applied to the larger and folded anterior portion of the cerebellum, 
while the hinder border is named hinterhim. 

Huxley (7, fig. 38), figures the brain of Lepidosteus osseus from 
above and from below. In accordance with the plan of the 
'^Manual" it is not stated whether the figure is original. 

Huxle}*^ follows the usual nomenclature in making the two pair 
of lobes in front of the optic lobes respectively hemispheres and 

31 The pondorous phrase corpora quadrigemina if rarely employed by comparatiT« 
anatomists. 
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olfactory lobes. Bat he does not refer to the figare in the text, 
nor does he mention the brain as likely to aid either at present or 
in the future in the discrimination between the G^oids and the 
other jQshes. " 

The figures and descriptions of the brains of Myzonts (Marsi- 
pobranchs), Teleosts, and Selachians (Elasmobranchs) are hardly 
more satisfactorj^ With none of them is any effort made to ascer- 
tain, by a structural comparison, the extent to which they conform 
to the type of brain commonly recognized among the air-breathing 
Vertebrates. 

This is the more noteworthy because by far the clearest presen- 
tation of this type is fbmished by the figures and descriptions in 
the earlier pages of the same work. For these diagrams indeed, 
as for so many others which bring orderly knowledge out of cha- 
otic detail, the anatomist is greatly indebted to Prof. Huxley. 

In this brief historical survey, considering the general desire to 
ascertain the extent to which Ganoids form a natural group separa- 
ble from other fish-like, forms, one is struck with the absence of 
both any attempt to characterize the group by means of the brain 
and of the supposition that such characterization is possible. 

Evidently the first step in such characterization should be the 
identification of parts, if possible, with those which uniformly 
exist in the brain of all air-breathing Vertebrates, the Batrachians, 
Reptiles, Birds and Mammalia. 

The ganoid brains upon which this paper is based, were all pre- 
pared by myself from fish just taken from the water. The differ- 
ence between these preparations and some previously made from 
specimens which had been transported for some distance or kept 
for a time in spirit before the heads were opened, has convinced 
me that, for the determination of doubtful points of structure, the 
brain should be hardened in strong alcohol before the fish has been 
twenty-four hours out of water. 

The published figures and descriptions of ganoid brains with 
which I am acquainted appear to have been made from poorly 
preserved specimens. Moreover, none of them include all the 
views (from the side and from below as well as from above) and 
sections (mesio-longitudinal, and transverse at several points) 
which are necessary to the presentation of the real structure of a 
brain. With no other organ is it less safe to trust to the external 
form and appearance of the several lobes. 
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How far this is trae of the brains under consideration, may be 
seen by a comparison of the representation (Plate II, fig. 7) of 
the mesial surface of the brain of Lepidosteus osseus with the fig- 
ures of Huxley (7, fig. 38), or of Owen (24, I, fig. 174), both of 
which seem to have been made from poorly preserved prepara- 
tions.^ 

The gar-pike from which was taken the brain here represented, 
was a female, 1.3 meters (about four and one-half feet) in length. 
The brain, as is usual with this species, and, so far as I know, with 
all adult Ganoids, was covered by a layer of connective tissue. 
This envelope is fatty and yellowish in Acipenser; jet black and 
very abundant in Polyodon^ the brain of which does not nearly fill 
the cavity ; moderate in amount, and light colored in Amia and 
Lepidosteus. In the young of these latter, less than 120""* long, 
no envelope exists, the brain quite filling the cerebral cavity. It 
would be interesting to ascertain at what period commences the 
increase in the brain case of Polyodon. 

The brain is represented enlarged two diameters.^ 

The description of the brain of Lepidosteus will be more readily 
followed if we first refer to the general type of brain as found in 
Batrachians, Reptiles, Birds and Mammals. 

The best figures and descriptions of this type of vertebrate 
brain, are those of Huxle}^ (24, figs. 19 and 20), which, with un- 
important changes are reproduced on figure 15,24 

According to Huxley's description the brain begins as three 
median vesicles, whose cavities are continuous with the central 
canal of the spinal cord. The hinder vesicle thickens below to 
become the medulla oblongata {M). ' It opens above to form the 
fourth ventricle (4) and a bridge over the anterior part of this 
ventricle is the cerebellum (C), The middle vesicle becomes the 
optic lobes ("corpora quadrigemina" of anthropotomy) ; its cavity 
may, as in Batrachians, remain as a wide space, the (^tic ventricles^ 
or be narrowed to a mere "aqueduct of Sylvius" or passageway 
(/) from the fourth ventricle behind to the third ventricle in front. 

s> It is not strange that Europeans have been obliged to content themselves with 
imperfectly preserved brains of American fishes. But it is little to the credit of our 
native zoologists that they have not long ago investigated the structure and develop- 
ment of the forms peculiar to this continent. 

» Some parts would be more advantageously shown upon a still larger scale. Most 
fishes' brains can hardly be understood if figured of the natural size. 

^ For the use of these figures I am indebted to Messrs. Estes and Laurlat of Boston. 
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This third ventriole is the cavity of the anterior vesicle, and its 
lateral walls become the tJicUami (Th). But from each side in 
front there is produced a hollow bud which enlarges so as to be* 
come the cerebral hemisphere (H). From the IVont of each hemis- 
phere a second bud is produced, the olfactory lobe (01). The 
cavity of each hemisphere is a lateral (first or second) ventricle^ 
(LV) and the cavity of the olfactory lobe is the olfactory ventride. 
The constricted communication between each lateral ventricle and 
the median third ventricle is known as the ^^ foramen of Monro** 
(JFM). Median dorsal and ventral outgrowths from the thalamus 
vesicle become respectively conarium ('* pineal body," Co) and 
it0indibulum^ the connection of which with the hypophysis (Hy) 
is now regarded as secondary (43, 92). 

The thin anterior wall of the anterior vesicle between the hemis- 
phere-buds, remains as the lamitui terminalia (Lt) the ^4amina 
cinerea" of anthropotomy. The corpus striatum is a thickening 
of the outer walls of the hemisphere {CS). The various trans- 
verse and longitudinal commissures corpus callosumj anterior com- 
missure^ fornix and poiM Varolii^ probably do not exist in fishes 
and need not here be described. 

Taking for granted the sequence of principal ganglia, medulla, 
cerebellum, optic lobes, thalami, hemispheres and olfactory lobes, 
no difficulty is met in recognizing the three first named in the 
brain of Lepidosteus, But the appearance of these in the section 
difiSers considerably from the idea conveyed by the figures of the 
brain from above and below. The fourth ventricle (IV) extends 
farther back, and has no bridge across its anterior end as in 
Huxley's figure. In this species the hinder end is quite sharply 
pointed. But in a smaller gar from Wisconsin, not yet identified, 
the ventricle is shorter, its borders are raised and everted, and the 
hinder extremity less sharp. The borders also approach each 
other quite nearly, just behind the cerebellum, which, with a poorly 
preserved preparation, might lead an artist, not an anatomist, to 
regard them as normally continuous.^^ 

If figure 7 be held with the olfactory lobe upward, then the sec- 
tion of the entire cerebellum may be compared to a letter S, the 
lower curve larger and its substance thicker than the upper. 

The lower, or, if the figure be replaced in the horizontal posi« 

*B Huxley's figure purports to be of the brain of L, temircbdiatui, Ag. GUnther re- 
gards this as a synonym of X. ossetu. 
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tioiiy posterior curve, represents the cerebellam proper. The 
anterior curve corresponds to the "valve of Vieussens" of 
anthropotomj, and to the "fornix of Gk)ttsche" referred to by 
fiuxley in his description of the brain of Teleosts (7, 142). 

This part is about one^half the thickness of the cerebellum 
Itself, and it becomes an exceedingly thin lamina where it joins 
the overhanging posterior border of the optic lobes. The cere- 
bellar ventricle is quite extensive, its vertical diameter being more 
than twice and its longitudinal diameter more than thrice, the 
thickness of the lamina by which it is surrounded. 

> About midway between tiie posterior rounded border of the 
cerebellum and the free thin edge of its anteverted portion upon 
the ventral aspect, is a low ridge. Laterally this is in apposition 
with a corresponding everted edge of the medulla. 

The dorsal surface of the cerebellum presents on each side a 
rather deep fUrrow separating the median rounded portion from 
the peduncle on each side. 

The " aqueduct of Sylvius" (AS) is a rather contracted passage 
from the fourth ventricle to the ventricle of the optic lobes. 

The dorsal aspect of the optic lobes inclines downward and 
forward at about the same angle as that at which the cerebellum in- 
clines backward. The thickness of the cut surface is about the 
same as that of the "fornix of Gottsche," but the anterior margin, 
is slightly thickened and rounded. At this point the expanded 
optic ventricle (OF) opens forward by a contracted aperture sur- 
rounded by a flaring lip. The conarium or pineal body (O) lies 
just in front of this aperture. 

So far there seems no reasonable cause for doubting the correct- 
ness of the commonly accepted nomenclature. But the anterior 
half of the brain of Lepidostev^ presents serious difficulties in 

the way of strict comparison with the brains of the higher Verte- 
brate8.26 

The form and connections of the parts marked 2, 3, 4, cannot 
be well indicated without more figures, especially cross-sections* 
These I hope to present upon another occasion. 

The third ventricle (III) opens downward into a cavity with 
walls thicker before and behind but thin upon the sides. It ex- 

M To say nothing here of the brains of the Myzonts, Selachians and Teleosts, with 
which considerable rectification is required, as will be shown hereafter. 

A. A. ▲. s. VOL. xxrr. b. (12) 
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tends under nearly the whole width of the brain and opens down- 
ward by a median slit into what seems to be a plexas of vessels. 

The hollow lateral lobes are what Owen calls ^^hypoaria" and 
Huxley, with most authors, '^ lobi inferiores." The lower solid vas- 
cular mass corresponds to what is commonly called the pituitary 
body or hypophyisis. It is easily detached, and is not, so far as I 
am aware, represented in any figure of a Ganoid brain. 

Pending an examination of the brain of Lophius^ the hypophy- 
sis of which lies far in front of the brain connected with its usual 
attachment by a very long infundibulum, I am inclined to regard 
the lobi inferiores as lateral expansions^ of what is called in 
anthropotomy the tuber cinereum. 

There remain to be described the two pair of masses which, in 
Lepidosteu8 as in most Teleosts, are placed just in fh)nt of the 
optic lobes. They are at the present time usually regarded as 
representing respectively the hemispheres and olfactory lobes. 

According to the type of brain as described by Huxley and 
generally accepted, the hemispheres should be lateral masses 
separate from each other and each containing a cavity, the lateral 
ventricle, communicating with the median or third ventricle through 
a foramen of Monro. 

Tet^ 80 far as I am awarCj no such condition of things has been 
figured or described with respect to the brain of any fish-like form 
excepting Protopterus and LepidosirenJ^ (See Appendix.) 

In the brain of the adult LepidosteuSj the lateral mass marked 
PTh is a solid lamina with its upper or dorsal border everted, as 
seen in the transverse section (Fig. 11). The mesial surface of 
its rounded dorsal aspect presents two furrows. It is joined with 
its fellow of the opposite side by a large commissure (JB)^ and by 
a thinner lamina reaching back to the optic chiasma. 

^f Dr. Cleland (38, 203) regards the hypoaria of osseoas fiehes as the fbalami, and 
states that " in various fishes, the optic nerves arise fVom them as vrell as from the optio 
lobes/' Dr. Cleland's learning and accuracy are such that I would not reject his view 
upon less grounds than those here presented. But I have not observed the origin of 
the optic nerves from the hypoaria in any fish. 

^ Tiedemann fr'ankly admits (35, 264), that '* we find no trace of lateral ventricles in 
the osseous fishes;" he regarding the so-called hemispheres as the corpora striata (p. 
S30). Contrast this with the loose statement of Vulpian (31, 821), *^ on tronve parfois 
des rudiments de ventricules lateraux dans les lobes c^r^braux'* of osseous fishes. 

The so-called ventricles of Selachians will be shown hereafter to be remnants of the 
third ventricle; not rudiments of the first and second. 

*« This is apparently what Gottsche called in osseous fishes, '< commissura interlob- 
nlaris." 



B. KATURAL HISTORY* 179 

Just in front of each of these lobes is a rounded orifice opening 
obliquely outward and forward into the base of the anterior or 
olfactory lobes. 

This orifice is wholly invisible from above or below or from the 
outer side, and, although figured by Stannius in the sturgeon, 
seems to have attracted no attention from those who have studied 
Ganoid brains. 

It leads into a cavity which extends the whole length of the so- 
called olfactory lobe, and is about 1™"* in diameter. 

As this is the only lateral opening from the median ventricle 
there seems to be no escape from the conclusion that it is the 
*' foramen of Monro," and that the cavity into which it leads is, 
wholly or in part, the lateral ventricle. 

Where then are the hemispheres? * 

The mesial border of the foramen of Monro is slightly raised, 
80 as to be distinguishable upon close inspection from the olfac- 
tory lobe. Still it is very small, and upon a poorly preserved 
specimen, or under a brief examination it might escape notice 
altogether. 

But if the corresponding parts of other Ganoid brains be care- 
fully examined, they will be seen to present the same foramen, 
while in all of them the anterior lip is decidedly broader, present- 
ing the appearance of a separate lobe. See figures 8, 9, 10. 

Shall we conclude that the hemisphere and olfactory lobe are 
undifferentiated, or regard the lip already described as a rudimen- 
tary hemisphere. This latter is the conclusion to which I am 
Inclined. 

It involves, as a corollary, the interpretation of the lateral 
masses between the optic lobes and those just described, as repre- 
senting the whole or some part of the thcdami, or lobi ventriculi 
tertii. 

In Lepidosteus one would be inclined to regard the lateral 
masses as the whole thalamus. But in Amia the distance between 
the front of the optic lobes and the hinder surface of these masses 
equals that of the masses themselves. In Polypterus likewise, as 
figured by Miiller, it is considerable. In Chimera what seems to 
be a corresponding region is very much elongated. In most 
Selachian brains it is quite extensive. 

For the sake of distinction therefore, we may call the anterior 
lateral masses prothalami^ and the portion connecting them with 
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the brain behind the crura thalamu These latter seem to corres- 
pond to the thalami of the higher Vertebrates ; the tiiird ventricle 
lies between them, the conarium above and the hypophysis below. 

Aside from the adverse opinions of all authors (which, however, 
are of less importance in view of the imperfection of the material 
at their disposal) the only objection to this view is, that it makes 
the hemispheres so much smaller than either the thalami or the 
olfactory lobes. 

It is to be remembered, however, that mere size is of no valne 
for the determination of homologies. The cerebellum is recognized 
as such in the lamprey and the salamander because it is a bridge 
over the fourth ventricle, although it is so much smaller tiian the 
corresponding organ of the bird or mammal. 

The hemispheres are hardly larger than the optic lobes in some 
Batrachians, while in man they overshadow all the other parts. 

Now the hemispheres are, by development, mere buds Arom the 
thalami, yet, as may happen with human families, the offspring 
are larger than the parents. In like manner, in the Ganoid brain, 
the hemispheres themselves are surpassed in size by their buds, 
the olfactory lobes. 

But while regarding the view here advanced as based upon 
sound morphological grounds, the large size and convoluted surface 
of the thalami suggests the idea that they may in some way funo- 
tionally represent the hemispheres. 

For the determination of this the brain should be examined 
microscopically and the fibres from the medulla should be traced 
forward into the several lobes as has been done with the ftog by 
Wyman and Stieda. They should also be experimented upon by 
injury, ablation and galvanic stimulation. 

To complete the evidence we should find, at least in young spec- 
imens, something like a lamina terminalis, connecting the rudimen- 
tary hemispheres just in front of the foramina of Monro. No such 
has been found by me in Amia or LepidosteuSy but the sturgeon 
and Polyodon present a transverse curtain ¥rith foldings upon the 
deep surface resembling those of the curtain over the fourth vent- 
ricle of Batrachians and lamprey-eels. Though not, apparently, of 
nervous tissue, it may nevertheless, represent the lamina terminalis. 
For there is reason to believe that, in the course of development, 
many parts of the roof of the primary vesicles may become merely 
•connective and vascular tissue. 
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In a young Lepidosteua 151°*^ long, the dorsal borders of the 
prothalami are not everted as in the adalt. For reasons which 
will be understood when the brains of Selachians and Myzonts are 
described, I am inclined to think that at an earlier period of devel- 
opment ihe dorsal borders were united. 

Detailed descriptions of the brains of the other Ganoids are de** 
ferred until figures can be presented. That of Amia closely re- 
sembles that of LepidosteuSj especially in the cerebellum. The 
infundibulum is more folded. The crura thalami are considerably 
longer. 

The brain of Acipenser^^ and Polyodon are very similar in both 
structure and general appearance. In both the cerebellum is 
apparently a narrow bndge, but, as seen in the figure of Stannius, 
it really extends far forward into the optic ventricle, as an exag- 
gerated fornix of Gottsche. The walls of the optic lobes are 
thicker in Polyodon than in Adpenser, The brain of Scaphyrhyn^ 
chu8 was not obtained for examination. There is no reason for 
supposing it to differ essentially f^om that of Acipenser. 

Miiller's figures and descriptions of the brain of Polypterus do 
not allude to the communication between the median ventricle and 
Jbe olfactory ventricles, but the figures are quite insufficient, and 
pending its examination with reference to this point, we may infer 
that it agrees with Lepidosteus in this respect as in the eversion of 
the thalami. 

The brain of Calamoichthys is not known to me. We may even 
more naturally infer its agreement with that of Polypterus, 

Provisionally, at least, the seven genera, Amia and Lepidosteus^ 
Polypterus and Calamoichthys^ Adpenser^ Scaphyrhynchvs and Pol- 
yodon, may be associated as having rudimentary hemispheres in the 
form of slightly raised borders of the foramina of Monro and much 
smaller than the olfactory lobes; large prothalami connected below 
by a commissure but having their dorsal borders free and more or 
less everted; an optic chiasma; a rythmicaUy contractile and multi* 
valvular bulbus arteriosus. 

Fig. 12 shows a mesial section of what seems to me to be a 
typical Ganoid brain with cross sections at characteristic points. 

Let us now see whether the above definition includes any other 
Vertebrates. 

^ Three species of this genus were examined, nibicundus, oxyrhynchuSf and one as 
yet undetermined. 
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Amphioxus appears to have only a medalla with a fourth ventri- 
cle. The part in front of the ventricle may be regarded as an on- 
differentiated representative of the brain of the higher Vertebrates 
(Langerhans (44, 297) says he finds a small olfactory lobe). 

In Myxine and Bdellostoma, Joh. Muller (37), found no ventri- 
cle in front of the fourth, and no cerebellum. In a somewhat in- 
jured preparation of the brain of Myxine^ I find what seems to be 
a thin and rudimentary cerebellum ; and a median ventricle which 
extends forward to the base of the anterior pair of lobes, which 
MHUer and all other authors regard as the olfactory lobes. On 
each side at this point is a slit-like orifice leading into the cavity 
of the olfactory lobe. These can be no other than the foramina 
of Monro and lateral ventricles. The hemispheres are hardly dis- 
tinguishable from the olfactory lobes. The larger pair of lobes 
just behind, since they form the walls of a median ventricle must 
be regarded as the undifferentiated prothalami and thalami. They 
differ from those of Ganoids in being connected above as well as 
below. But behind them are the conarium and the orifice of the 
optic ventricle just as in the brain <fr Lepidosteus. In Petromyzon 
Miiller found (37) the third ventricle only. In several well pre- 
served preparations of the brain of the large sea-laraprey (.fl^ 
marinus, var. Americanv^)^ I find at the anterior extremity of tbW 
median cavity, as in Myxine^ a foramen of Monro leading into the 
olfactory or lateral ventricle. The thalami are closed above as in 
Myxine, The distinct lobes which project just behind the olfac- 
tory lobes are probably hemispheres. (See Appendix.) 

Miiller describes the optic nerves of the Myzonts as not crossing 
at all. Upon this ground, as by the non-separation of the thalami 
above and the lack of several rows of valves in the bulbus arte- 
riosus, they differ from the Ganoids. In figure 13 {M) is repre- 
sented a cross section of the brain of Petromyzon through the 
thalami. (See Appendix.) 

The Selachians (here restricting the term to the sharks and 
skates) have a brain which is really only a complex modification 
of the Lamprey's. In an embryo shark (Mustelus canis) 37"™* 
(about 1^ inches) in length, that part which gifves rise to the 
olfactory crura and whicjh has been variously interpreted as hemis- 
pheres alone, hemispheres and thalami, and thickened lamina ter- 
minalis, is a large vesicle vrith thin walls and a single cavity. 
This communicates behind with the optic ventricle and on each 
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side in f^ont with the cavity of a little bad which is in contact with 
the nasal sack. The vesicle is evidently the expanded prothalamus 
closed above a9 in the Myzonts. In the adult Selachians (as I 
hope to show by a series of figures at a future time) we must 
suppose the original median cavity to have gradually filled up so 
as to leave only two slender passages, near the lower wall, which 
start from opposite the qptic foramen behind, and diverge to enter 
the olfactory ventricles in front. The degree of differentiation of 
the cnira thalami, and the hemispheres, will be more fully described 
hereafter. In sOme forms the hemispheres are distinctly con- 
stricted from the sides of the nearly solid prothalamus. Although, 
therefore, the optic chiasma and multivalvular and contractile bul- 
bus and some other characters are common to Ganoids and Sela- 
chians, the prothalamus is open in the former and closed in the 
latter. In these and some other respects the contrast between 
the two groups is noteworthy. In figure 13, ES represents a 
cross section of the prothalamus of an embryo shark and AS that 
of an adult. 

The Holocephali (Chimera and Callorhynchus) are commonly 
amuoged with or near the Selachians. They have many features 
in common and the intromittent organs upon the ventral fins are 
usually regarded as very important. Being a purely sexual appa- 
ratus we may question whether their taxonomic value is equal to 
that of the brain. Not having had the opportunity of examining 
a brain 31 I can only judge from the figure by Busch, copied by 

>iJu8t as this goes to press I am enabled, through the kindness of Mr. Alex. Agassiz, 
to expose and examine the brain of a well-preserved male Chimera in the Museum of 
Comparative Zoology. The cerebellum is very large and covers the optic lobes, but is 
not folded transversely as in most, if not aU, adult sharks and skates. The crura 
thalami are very long and thin and united ventrally by a delicate membrane apparently 
only pia mater. Anteriorly each cms expands into a prothalamus, the dorsal border 
of which is thin and slightly everted. This prothalamus, however, instead of forming 
the principal anterior mass as in Ganoids, is overlapped outside by a large and elon- 
gated hemisphere about 9«°>- in height and 15™>b* in length. On the hinder third of the 
mesial surface is a large rounded foramen of Monro, 4"^ in diameter. The lateral 
ventricle extends forward into the olfactory lobe. Into the fbramen, and occupying its 
entire area, projects a thickening of the outer wall of the hemisphere which may rep- 
resent a primordial corpus striatum. Just in f^ont of the foramen the ventral borders 
of the hemispheres are connected by a transverse commissure. I greatly regret not 
having been able to examine this brain before presenting this paper. It seems to fur- 
nish an actual form intermediate between the apparently distinct tsrpes represented hf 
the brains of Selachians, Ganoids and Dipnoans. If I correctly interpret the appear- 
ance of a partial subdivision of the elongated mass behind the olfactory lobe the Chi- 
mera's brain presents a more equal proportion of hemisphere and prothalamus than 
exists in Ganoids or Teleosts, where the former seems to be reduced to a rudiment 
hardly recognizable as such. 
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Owen (24, jQg. 179). The cerebellum appears like that of the 
sharks and skates. But the elongated crura thalami, and what 
seem to be somewhat expanded prothalami, and the rudimentary 
hemispheres, indicate a close similarity with the Ganoid type. 
The brain should be carefblly reexamined, and that of a very 
young embryo would be especially valuable. 

The figure of the brain of Frotopterus (Owen, 25 and 24) might 
be taken for that of Menopoma or Menobranchus. It has no appar- 
ent resemblance to either the Ganoid or the Selachian type. There 
are also true nostrils, and, according to Huxley«(7, 147), a small 
pulmonary auricle. These characters united with those of the 
brain seem to offer strong grounds against the association of the 
Dipnoi with the Ganoids, excepting as a very generalized type 
combining Ganoid and Batrachian features. The brain of Cera-- 
todus has not been described.^^ 

Of fish-like forms there remain the Teleostei. They may at 
once be distinguished from all others by the non-rythmically con- 
tractile bulbus provided with a single row of valVes and by the 
decussation of the optic nerves without a chiasma.^s 

A suflScient number of Teleost brains has not yet been care- 
fully examined to enable us to generalize with safety. But so far 
as they are known we may characterize them as having solid lateral 
masses (prothalami), their dorsal borders separate and sometimes 
everted, and with the olfactory lobes sometimes in contact with 
the prothalami, sometimes in contact with the olfactory sacks and 
connected with the prothalami by more or less elongated crura. 

Since this paper was presented I have found small foramina 
of Monro and ventricles in Perca flavescens, Anguilla Bostoni- 
ensis and Scomber vemalis. They, however, are much smaller 

>ain "^ Nature "for Jan. 6th, 1876, it ie stated that Prof. Huxley described, for th« 
first time, the brain of CercUodus at the meeting of the Zoological Society, Jan. 4th ; that 
he showed how closely it resembled that of Lepidoairen, and that in some points it 
resembled the Selachian rather than the Ganoid type. He laid especial stress npon the 
affinities of the animal with Chimera, 

Zoijlogists will look with great interest for this paper on account of the description 
and figures of the brain of a form which has aroused so much discussion, and also fox 
the morphological and taxonomic considerations which can hardly fail to throw great 
light upon the relations of the fish-like Vertebrates. 

^ Gottsche (30, 476, and fig. xxxiii), refers to a remarkable variation of the optic 
nerves described by Weber ^Meckel's Archiv, 1872, p. 317). In an example of Clupea 
harengua the nerve of the left eye was pierced by that of the right. The atntcture of 
the chiasma of Ganoids and Selachians should be carefully examined to ascertain how 
completely the fibers cross, or intermingle, or connect the eyes and lobes of the two 
Bides together. 
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than in Ganoids, and I give a provisional figure (Fig. 14) mainly 
for the purpose of calling attention to the point where they are to 
be looked for. Probably they are proportionally larger in embryo 
brains. They may become wholly obliterated in some adults, es- 
pecially those with olfactory crura. They should be looked for 
in large species, as JEsox^ XiphiaSy HippoglossuSj etc., where the 
olfactory lobes are sessile.^* 

The following table exhibits the above mentioned characters in 
a more condensed form. But it must not be inferred that the 
order of names indicates my belief respecting either their rank, 
their affinities, or geological suct;ession. In the first place no 
linear arrangement can do this. In the second, while the Teleosts 
seem to most perfectly and abundantly embody thej^A idea and 
their geological relations and the structure of some parts would 
lead us to place them highest in the fish series, yet the non-ming- 
ling of the optic nerves and the very embryonic condition of the 
kidneys as compared with those of Selachians,^^ seem to place them 
next the Myzonts. 

The air-breathing Vertebrates are added in order to complete 
the series. 

Provisional Arrangement of Vertebrates according to Cere- 

• BRAL AND Ca^DIAC CHARACTERS. 

Leptocardh. (Amphioocus) . Brain not differentiated from 
medulla. Heart a contractile tube. 

Myzonts. (Marsipobranchii). Optic nerves do not cross 
(Miiller). Single median nostril. Hemispheres smaller than ol- 
factory lobes. Thalamus and prothalamus not distinctly sepa- 
rated. Thalamus closed forward and dorsad. Cerebellum a 
narrow and thin lamina; perhaps wanting in Myxinolds. (See 
Appendix.) 

Selachians. (Elasmobranchii.) Optic ehiasma. Rhythmically 
contractile bulbus arteriosus, with several rows of valves. Olfac- 
tory lobes pedunculated. Hemispheres smaller than olfactory 
lobes. Prothalami and thalami distinct ; the latter as crura. In 

<^The brains must be weU preserved. 
^ As recenUy studied by Balfour (39, 30). 
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embryo the prothalamus a thin-walled vescicle, with a single 
cavity which, in adult, is reduced to two canals diverging forward. 
Prothalamns remains closed forward and dorsad. Nostrils in 
pairs, but do not enter moutli. Cerebellum folded transversely. 

HoLOCEPHAU. Brain combines charactdlrs of Selachians, Ga- 
noids and Batrachians. Crura thalami much elongated. Trne 
hemispheres, larger than prothalami or olfactory lobes. Foramen 
of Monro very large. (The last two sentences have been added 
since this paper was read. See notes 31 and 36.) 

Ganoids. Optic chiasms. Rhythmically contractile bulbos 
arteriosus with several rows of valves. Hemispheres rudimentary. 
Olfactory lobes sessile. Prothalami separate forward and dorsad, 
and more or less everted. Cerebellum with no transverse folds. 
Foramina of Monro large. 

Teleosts. Optic nerves cross but form no chiasma. Bulbos 
arteriosus not rhythmically contractile and has a single series of 
valves. Olfactory lobes sessile or pedunculated. So-called hemis- 
pheres are probably prothalami; more or less everted as in 
Ganoids, and separate forward and dorsad. True hemispheres 
rudimentary or absent. Foramina of Monro and lateral ventricles 
small or, perhaps in some, obliterated. (Last sentence added 
since this paper was read.) 

DiPNOANS. Hemispheres larger than olfactory lobes. Heart 
trilocular. True nostrils. Optic chiasma. (Should probably be 
arranged with or near Batrachians in the Series of air-breathing 
Vertebrates). 

Batrachians. Hemispheres larger than olfactory lobes. Heart 
trilocular. Optic chiasma. No corpora striata or commissures. 
Walls of brain thin and ventricles large. True nostrils. 

Reptiles. True hemispheres. True nostrils. Corpora striata 
and anterior commissure. Heart trilocular or quadrilocular. Right 
and left aortic arches persistent. 

Birds. Same brain characters as in Reptiles. Heart quadri- 
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localar. Right aortic arch persistent. (Birds seem to be an 
aberrant group of Saoropsida.) 

Mammals. Corpora striata* Anterior commissure. Corpus 
callosum. Fornix. Pons varolii. Heart quadrilocular. Left 
aortic arch persistent. 

By characters of the brain alone the Ganoids are readily sepa- 
rable from all other vertebrates. From the Teleosts they differ in 
respect to the optic chiasma ; also, so far as now known, on ac- 
count of the greater size of the lateral ventricles and foramina of 
Monro.^ But differences of size alone are not reliable ; and our 
knowledge of the structure of the Teleost brain must be much ex- 
tended before final generalizations can be made. Meantime it is 
interesting to note that some cerebral characters seem to associate 
the Ganoids with the Teleosts, while others, with cardiac charac- 
ters, link them with the Selachians. The Teleosts are apparently 
an aberrant group, like the Birds. 

Minor modifications of the brain, together with those of the tail 
and air-bladder, will probably fUmish the basis for subdivision of 
the Ganoids. The brains of Amia and Lepidosteus are very nearly 
alike, and both seem to agree in all essential respects with that 
of Polypterusj and, by inference, Calamoichthys. The brains of 
the Sturgeons resemble one another more closely than they do 
those of the other genera, but all agree in the rudimentary hemi« 
sphere, the enlarged prothalami, and the position of the foramen 
of Monro. 

Reserving for the present any discussion as to the sepai*ation of 
Dipnoans from Batrachians, and of Birds from the other Saurop- 
sida, the groups seem to readily fall into five categories. The first 
and lowest includes Amphioxua alone. The second the Myzonts 
and Selachians, whose brains are differentiated, but have not yet 
assumed the distinctive features of either the true aquatic or the 
aerial Vertebrates. They have the form and habit of fishes, but 
their brains are more readily comparable with those of Batra- 
chians. For the hemispheres are distinct, though small, and the 
thalamus remains closed, instead of being separated forward and 

M At the time this paper was presented I had not been able to find these openings 
In any Teleostean brain, and therefore supposed that their existence in the Ganoids 
formed a sharp distinction between the two groups. 
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dorsad, as in the Teleosts, the Ganoids and Holocephali. The 
Holocephali cannot yet be fblly characterized. The brain presents 
a very generalized condition. These and the other characters 
may be more distinctly presented in tabular form. 

Series v. Hemispheres well de- Series IV. Hemispheres rudi- 

yeloped ; larger than olfactory lobes, roentary or absent ; smaller than 

Pulmonary auricle. True nostrils, olfactory lobes. Prothalamus open 

Mammals. forward and dorsad. Dorsal bor- 

Birds. ders of prothalami more or less 

Reptiles. everted. Heart bilocalar. Nostrils 

Batrachians. do not enter mouth. 

Dipnoans. Teleosts. 

Ganoids. 

Series III. Holocephali. Brain presents a condition intermediate be- 
tween Series II, IV and V. 

Series II. Hemispheres distinct but smaller than olfactory lobes. Thal- 
amus not open forward or dorsad. Heart bilocular. Nostrils do not 
enter mouth. 

Selachians. 

Myzonts. 

Series I. Brain not differentiated from medulla. Heart tubular. 

Amphioxus. 

To such an arrangement of vertebrates as the above the palaeon- 
tologist would naturally object upon the ground that it includes 
no osteological characters by which fossil forms may be collocated 
with the living. 

To this I plead guilty, but urge in extenuation the following : 

1. The argumentum ad hominem. For the classifications now 
in vogue make little or no reference, or that of the most unsystem- 
atic kind, to the brain ; and osteological characters alone would 
not enable us to define embryos, Myzonts, or Amphioxus at all. 

2. The above does not pretend to be a complete or final 
arrangement. It is an effort to show how far cerebral and cardiac 
characters concur with each other and with the results of a previ- 
ous consideration of all systems of organs. Such an effort could 
hardly be successful before the brains of fishes were structurally 
homologized with those of the air breathing Vertebrates. 

3. I should be willing to have it shown that I had made some 
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mistakes as to both fact and interpretation, for the sake of the 
advantages which I am confident will attend the careful and 
systematic reconsideration of our present methods of classification. 
These last are almost purely empirical. They have, as in the case 
of the Ganoids, led to the most diametrically opposite conclusions. 
Would it not be worth while to enquire whether, from both analogy 
and experience, cerebral and cardiac characters are not more trust- 
worthy for the discrimination of larger groups, and whether char- 
acters drawn from the skeleton, teeth, digestive and reproductive 
systems are not likelj^ to serve us better if restricted to the deter- 
mination of orders, families and genera. 

When the limits of classes and sub-classes have been once as- 
ceHained by the study of the heart and the brain, most of the fossil 
forms may, by the correlations of their hard parts be assigned to 
places in them. At present, on account of the greater availability 
of hard parts for preparation and preservation, we practically 
depend upon them almost entirely, or tacitly assume that they are 
of greater taxonomic value than the soft parts, and that the latter 
are, therefore, readily correlated with the former. 

Summary. 1. The smallest Lepidosteus here described (18°^ 
long), has a primordial median fin extending over the hinder third 
of the body above, and its hinder half below, interrupted at the vent. 

2. The locations of the dorsal, the anal and the infra-caudal 
fins are marked by coloration and thickening of the primordial fin. 

3. A fourth or supra-caudal fin is also indicated, though less 
decidedly. This fin is not functionally developed. 

4. The tail of this smallest Lepidosteus is nearly protocercal, 
the end of the body inclining slightly downward. 

5. The end of the body proper is gradually forced upward by 
an increase of the infra-caudal lobe, and becomes the '^ filament " 
already known in the young gar-pike. 

6. The movements of this filament are extensive, and vibratory, 
and wholly voluntary. 

7. The filament exists, though evidently in process of removal, 
in a young Lepidosteus osseus 300™"- long. 

8. The infra-caudal lobe becomes the functional tail of the 
adult. 

9. The vertebral column is then continued obliquely upward 
and backward as a tapering cartilaginous rod which terminates at 
a point corresponding with the previous separation of the filament 
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ft'om the infra-caudal lobe. This point coincides with the hinder^ 
most of the dorsal fulcra. 

10. This rod comprises the notochord, the spinal cord and two 
lateral cartilaginous pieces. 

11. The tail of the adult Amia presents a similar structare, 
excepting that the rod is shorter and there are no fulcra. 

12. It seems probable that the tail of Amia passes through 
stages like those of Lepidosteus^ but the smallest specimen here 
described (70"°** long) shows no sign of the filament. 

13. The two earlier stages of the tail of Lepidosteus may be 
compared with the protocercal (or diphy cereal) and the ordinary 
heterocercal tails of other living and fossil forms. The masked 
heterocercal tail of Amia and Lepidosteus probably existed *in 
Megalurus and some other mesozoic forms, but is not known among 
the palaeozoic fishes. It likewise exists in the embryo of certain 
Teleosts, as Oasteroateus and the Siluroids. 

14. The pectoral fins of Lepidosteus attain considerable size 
before the appearance of the ventrals. 

15. The latter are not lobed, but the former consist of a fleshy 
lobe and a thin fringe or border. 

16. In the smallest Lepidosteua the branchiostegal membranes 
are separate farther forward than in the adult. The point of their 
junction in the young becomes a transverse fold, which may cor- 
respond with the hinder border of the jugular plate of Amia. 

17. The "foramina of Monro" and lateral ventricles have been 
found by me in the following Ganoids : — Amia^ Lepidosteus^ Aci- 
penser and Polyodon; and in the following Teleosts: — Percaf 
Scomber^ AnguiUa; in Chimera ^'^"^ in the following Selachians: — 
Mustelus^ Carcharias; and in the Myzont genera Myxine and 
Petromyzon. There is good reason to believe that Scaphyrhyn- 
ehu8, Polypterus and Calamoichthys have the same parts ; and that 
they exist in other Teleosts, but less easily seen than in Ganoidsy 
or perhaps wholly obliterated in the adults of some species. In 
both Ganoids and Teleosts the foramen of Monro seems to open 
into the base of the anterior or olfactory lobe on each side. 

18. Aside, therefore, from the difference in general aspect and 
in size of the foramina and ventricles, the Ganoid and Teleost 
brains, as heretofore, are most readily distinguished by the chia,smM 
which exists in the former group. 

s^Ai stated on preyiom pages the foramina were foiuid in Chimera and the Te^ 
leostB after tins paper was presented. 
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19. We may regard, provisionally, the seven genera, Amiay Lepi- 
dosteus^ PolypteruSj CcUamoichthySy Acipenserj Scaphyrhynchus and 
Polyodon (together with such fossil forms as are obviously allied to 
them) as constituting a natural group (class or sulM;lass) charac- 
terized by an optic chiasma; a rhythmically contractile hulhiia arteHr 
0SU8 with several rows of valves; large prothalami separate above 
hut united below; rudimentary hemispheres; and the foramina of 
Monro opening apparently into the base of the sessile olfactory lobes, 

20. It seems probable that by features of the brain and heart 
alone, all of the primary subdivisions of Vertebrates may be accu- 
rately characterized. 

21. The Dipnoans, hitherto regarded as fishes and usually 
arranged with or near the Ganoids, agree with the Batrachians in 
cerebral and cardiac and other characters. This group seems to 
furnish a case for testing the relative taxonomic value of charac- 
ters derived from the brain and heart on the one hand and from 
the skeleton, limbs and digestive organs on the other. In like 
manner the brain of Holocephali would indicate that they belon 
nearer the Ganoids than the Selachians, perhaps as a transition 
between the two. 

22. While the facts and considerations presented in this paper 
cause me to doubt the correctness of all classifications of fish-like 
Vertebrates hitherto proposed, they do not seem to justify the 
framing of another system. Nor is it probable that any phyllo- 
genetic arrangement can be proposed which shall either advance 
science or reflect credit upon the propounder, until our knowledge 
of the embryology, of the brains and of fossil forms is much more 
extensive than at present.^ 

Appendix. — Just as this goes to press I have been able to con- 
sult the admirable paper of Paul Langerhans, ^'Untersuchungen 
iiber Petromyzon Planeri" pp. 114, 16mo, 10 Tafeln. Freiburg, 
1873. This author figures and describes (p. 88) the lateral and 
olfactory ventricles of Petromyzon, He also states (p. 95) that an 
optic chiasma does exist. These statements must be considered in 
connection with paragraphs upon pages 178, 182, 185 of this paper. 

s> As this paper is passing through the press, I have seen in the *< Zotf logical Record" 
for 1872. page 86, an abstract of a memoir hj Panceri and De Sanctis ** Sopra alcuni 
organl delta C^JuUoptera, Nap<^," 1869, 4to. The authors recognize four types of brain 
besides that in Amphioxtu ; namely, in Cydostomata ; in Teleosts ; in four Selachian gen- 
era, DicerohaiUi Zygcsna, MyUobatity Trygon ; and in all other Selachians and Ganoids. 

No mention is made of the lateral ventricles or foramina of Monro, and, to for at 
indicated by the abstract, the conclusions are very different trom. those here presented. 
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EXPLANATION OF PLATB I.» 

Titf, 1. YoQDg Lqi>ido8teui I8w^ in length, enlarged 6 diameters. The tip of the tail 
is missing, and its supposed form is indicated by the dotted outline. Nt the nostrils 
Of the left side; the anterior one is more nearly upon the upper surface than in the 
adult. In the margins of the Jaws appear slight elevations, probably teeth. O, the 
operculum; P, the pectoral fln consisting of a rounded fleshy lobe L and a thin fringe 
^; 1 , 2, 3, 4, 6, regions of the primordial median fln. F, the vent. C, the commencement 
of the infra-caudal lobe. The commencing anal is seen between V, and L. D, the com- 
mencing dorsal fin; X, indicates a slight and transitory modification of the primordial 
fln like a second dorsal, or, more probably, supra-caudal lobe. The ventrals have not 
appeared. The lines above figures 1, 2, 8 indicate the actual length of the young Lepi' 
do8teu8. 

Fig. 2. Tail of young Lepidortem 22"*- in length, enlarged 4 diameters. The letter* 
ing as in fig. 1. The infra-caudal ( C) begins to project beyond the outline of the primor- 
dial fin. Ve the ventral fin. 

Fig. 8. Tail ofyoungj&<9»idaf<«Hf 44"^ in length, enlarged 2 diameters. Lettering- as 
Sn fig. 2. The primordial fin exists only upon the borders of the filamentary termina- 
tion of the body (Fi) which is now crowded up by the increasing infraKsandal lobe. 

Fig. 4. Tail of young Lepidosteut oaaeui 800"«- long, natural sixe. The infra-caudal 
lobe now occupies its permanent place as the ftinctional tall, wliile the filament (Fi) 
has nearly disappeared. Its base is protected by six pair of frilcra {DF) and a similar 
series covers the anterior half of the lower border of the tail ( VF). 

Fig. 5. Dissected tail of medium sized Lep. platyatomug. The fllament has disap- 
peared and the frilcra extend backward to a point nearly corresponding with its sepa- 
ration from the caudal fin. To tliis point may be traced a cartilaginous rod {N), the 
prolongation of the vertebral column ( FC), and previously continued into the fllament. 
Tills rod consists of the notochord, the spinal cord (8C), and a cartilaginous sheath. 
NC, neural canal laid open. J7C, haBmal canal, laid open. 

Fig. 6. Section of the upper margin of the tail of L. pkUystomua at a point about 
mid- way between the base of the flu and the last pair of faicra; enlarged. If, noto- 
chord; SCf spinal cord; CS, cartilaginous sheath, in which the vertebrte are afterward 
developed. F", points of the upper frilcra; F*, cut surfaces of the next lower fhlcra; 
F, cut surfaces of the lowest frilcra which are separated so as to embrace the upper 
half of the cartilage. CR', cut surface of the uppermost caudal fln ray, the two 
halves being separated above to enclose the lower part of the cartilage. The dark line 
crossing the section indicates the commencing splitting of the ray into two. CSf the 
halves of the second fin ray not quite perfectly apposed, and Joined by a double mem- 
brane to the rays above and below. 

••All the figures were drawn, ftx>m specimens and preparations, by Mr. Philip 
Barnard. 
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EXPLANATION OF PLATE III. 

¥ig. 12. Diagrams intended to represent the stmcinre of a ganoid brain as iMA 
in longitudinal mesial section and in transyerse sections through several paiU. Tb6 
letters as in Fig. 7. 

Fig. 13. Diagprams representing the cross-section of the prothalami of Myzonts (M) 
and Selachians and of the hemispheres of Batrachians. The prothalamus of the adult 
Mjzont is closed above, as in the embryo Selachian (ES). In the adult Selachian, by a 
deposition of matter the single cavity is filled up, excepting two lateral canals which 
converge backward to meet opposite the optic foramen, and diverge forward to enter 
the olfactory crura through the small hemispheres. In Ganoids, as seen in Fig. 11, (he 
prothalamus is open above. Likewise in many, if not all, Teleosts, in which, howeTer» 
the optic nerves form no chiasma. In Batrachians, as in the DipooanSi the idace of 
the prothalami is taken by a pair of true hemispheres, each containing a latfisil 
ventricle. 

Fig. 14. Anterior part of prothalamus of a perch (Perca flave8eena)t with the olfac- 
tory lobe and nerve, and the smadl foramen of Monro. (The dotted line makes the ven- 
tricle larger than it is really.) Enlarged ten diamieters. The existence of the foramen 
in some Teleosts was ascertained after the paper was read. See page 184. 

Fig. 15. Diagrams, slightly altered ft*om Huxley, to indicate the tsrpical structure of 
the brain in Batrachians, Reptiles, Birds and Mammals. The upper is a horizontal, the 
lower a vertical section. See page 176. 
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